WD 2004! 000306 PCTUS2004/ 003142 SYSTEM AND METHOD FOR
Pl ERCI NG DERMAL Tl SSUE BACKGROUND OF | NVENTI ON [ 0001] |
Field of the Invention The present invention relates,
in general, to nmedical devices and, in particular, to
medi cal devi ces and associ ated net hods for piercing

dewgBdddosusue. [0002) 2. Description of the ﬁ%g&ﬂ
[ 0003] A variety of nmedi cal procedures (e. g , Cil i

sanpl i ng ot her analyte
noni t or | nﬁg Wﬂ@@ﬁ%@?ﬁﬁgﬁﬁﬁm| TISFUE e
(e.g., skin) by a skin piercing elenent (e.g., a

| ancet or mcro-needle). During such procedures, the
depth, stability and duration of dernmal tissue
penetration by the skin piercing elenent can be

i mportant factors ?% nggﬂﬁpﬁpﬁ cone of the
procedure. For exanple, insufficient penetration depth
ca@g$ an eyroneous condition that results in an

unS8 st act brfjeldgt heJoxention certain medi cal procedures.

[ 0004] ReceTtelpYoserirvEfioR RRMsER galbeht R Hﬁgl@ﬁ Qbicek faddin

electrochen1cal-based and photonetr|
bi osenBYFSaryg predisal devises prdpsseciated mﬂwdafosplnging derendi tisale.
device. These integrated nedical devices can be
enB%@ anng Wi th an associated neter, to nonitor

s and tipmed] theRalatedArt c ose. EEpendlng on the
Sifbewd] i On, AVRR{NT Bledical pRRedIRs 4SS R
anal ytes in an gg?sodlc Singl es ustﬂ$ %ﬁ% feHood for glucose
seni - cBffithen analpte menitoripg) invelve the mmmf ﬁmﬁtssuqhg, skin) by a
| nt e0r g ibro oRmBhGE £; DERA & nAGHaBLAS DIz su] RIS
a nDnltor?n Efoce Sr% b eI|n1nat|%g t e3%{ fuges, the
user t 4PtboBrtitit gudduratien o ékﬁmﬂ@ﬂmenmmﬁmwM§aﬂpmanmmaﬂmahmmm
S aer' eCEﬁ'bE ﬁnﬁ%t&ﬁi fié%s Q%@@l@iﬂl’ﬁﬁé@hﬁ Bﬁt@(ﬂ'ﬁé &l’ wcwl 'd%? or €

to a bjosensor. This sinplification, 1n co nat’i on
with ailREHRAgient penetrafion dendh ean 2p an eronsonschnditiomhabresits i,

al so 1 aduEAsoRALAR fhr 8RR Btid frodialel €COvery of the

sanple site. 700051 The use of T ntegrated m cro-needle
and bi osensor medi cal devices and their associ at ed

MPSRAE CaN RoDANE Wikro-nick SREE | el
det ect deIeterPﬁus WO 20NI0811%H%ES%# ﬂé%8§%?%ﬁg%f? and
condi thigieaettigased Biosensorayhevn beerintegiatad dnts 2 sieglamedicdl device.
i nsuf fTiekeAReprRted HRditA BLviceS Kinbe employed, along with an associated meter, to

monitor various analytes, including glucose. Depending on the situation, biosensors

can be designed to monitor analytes in an episodic single-use format, semi-continuous

format, or continuous format. The integration of a micro-needle and biosensor
simplifies a monitoring procedure by eliminating the need for a user to coordinate the
extraction of a sample from a sample site with the subsequent transfer of that sample
to a biosensor. This simplification, in combination with a small micro-needle and a

small sample volume, also reduces pain and enabies a rapid recovery of the sample
site,

[0005) The use of integrated micro-needle and biosensor medical devices and their

assoctated meters can, however, decrease the ability of a user to detect deleterious



penetration during the required sanple extraction and
transfer residence tinme. Such erroneous conditions

can, for exanple, result in the extraction and transfer

of a sanple wth an insufficient volune for accurate
nmeasur enent of an analyte therein. Furthernore, in

SOW 2uARBEEL ances, it can be inportant thatecqusionsonsisz

m cro-needle's penetration be stable for an extende
period of i e sever hour s . or, s). Such )
stabi | i ty | gn‘ﬁ‘mn%g ZIOpeOT; g %&ﬁfﬁf’%ﬂw&w eFinstrhiokin
noni t or pangtratioe theing idirequirapianPRexirdt tifl Qa8 FesRlence tlme Such
penetrat|on San introduce alr&k;qu')lfl es into a fluidi

pat hvvay fpcons gondjtion @ampl tHirthe pataction ggd msfer ofia sample

coul d i niﬂemm?fiomm @hhd fol &dhrate ﬁieﬁsﬁféh{enﬂlﬁﬁﬁﬁﬁlﬁ%erw e
el ectro]g:h m cal , neasurenent of anal yte when the

ni cro- ne o sging GirpEsignogs, ttpag E‘f‘&%‘ﬁ@ém@‘ra Misrokiepde’s
el ect r qsbfetraliG) 86 dabH fok hn SxeRER eliRt Jf'%%ef(é | Qver&lhl%{lrg bPdGs).
S

are rred%]ﬁ@ dew ces and associ ated net ho at can
det ect SgPPorEnh forierrlc firing comtingeysangnitpring where

dept h, lﬁtamqitﬁnsﬁiﬂﬂ”ﬁs-ﬁ]bﬂb peﬂJﬁ@nJﬂ:ﬁﬁ‘ﬁlﬁﬁﬂucE bEUBRS Sutd 4 A dic
and/ or s ablllty during the piercing o ermal tissue.

In  addPiPahof ahtical devicpsAddigpnait H’é’@%ﬂlmdﬂ éntéspupt an electrical
conpat it ieded forithEIcAbAEMIThGHAn GRS @fanag:g @%ﬁ% o

medi cal, ﬁ vices and their associated neter

| NVENT FERForsertys £ refpisergionwakingslectssget ens and et hods f or
piercing dermal tissue according to the present

i nyention can detect and/or provide an indication of
pelf@Mat i onSHbieted in ths SgMhesioreatre medical devices ambhsriated methods

r esi defi@ cdnl dRctINFb:YrovidedBiiddida¥orfith Eﬂaﬁn%gm%ﬂe Iaxthacnon

addition, the systerrs and nmet hods are conp
i nt egr 2p4%EPuTereEdmes ipe and/g stabjlity dutingdhe pierdiog of dedoaltiswe. Tn

and th Qﬂdméiﬁ 10 6¥sRhfR AndREBER shduf8bmp ﬁ%%ﬁﬁ’rﬂfeggted micro-needle

pi ercing,dermal tissue _ according to an exenpla

enbodi AhossRser gdicdl deavdcen nd; thajrastorigied metersudes a

ski n-pi ercing el ement (e.g., an integrated mcro-
needl e and bi osensor_nedi cal device), at |east one

el ectrical contact SEMMARYORINGE skin contact)
and a neter configured for neasuring an el ectrical

c teristic (e. %@f resi stance and/or inpedance)

nt betoRodmepfor systems ardumethady fos pisrring derprd tissheaccording to
of ectr e resei bvaitiod San d&é&%%ﬁpré%&éﬁ%&nbﬁoﬂgﬁﬁmﬁ_&e

el ectrical contact(s) can, for xa
el ect r PAple exfrpation gtk tempf e‘tfPﬁd‘ien?eshmerﬁlggF sabilify djrintg piercing. In

pr ess Usdiition|théSktemk Bl dthods are compatible with integrated micro-needle and

biosensor medical devices and their associated meters.

10008] A system for piercing dermal tissue according to an exemplary embodiment of
the present invention includes a skin-piercing element (e.g., an integrated micro-
needle and biosensor medical device), at least one electrical contact (e.g., an electrical
skin contact) and a meter configured for measuring an electrical characteristic (e.g.,
resistance and/or impedance) existent between the skin-piercing element and the
electrical contact(s} when the system is in use. The electrical contact(s) can, for
example, be an electrical skin contact that is integrated with a pressure/contact ring of




WD 21041980306 PCTI US2004/ 003142 the nmeter. Integration
of the electrical contact and pressure/contact ring
provi des a conpact and i nexpensive system conpati bl e
with integrated mcro-needl e and biosensor nedical

devi ces. [0009] The ability of systens according to the

Presemiegoléent i on to detect and indicate pghe '
depth, duration (i.e., residence tine) and/ 2)? }sutggﬂlﬁ t‘%/

IS bas on the oncept that the negsured electrical
charac ?tg? P& 5“%@%@8 E&F ﬂ@%‘f%ﬁ‘i“ﬁ%@ﬁ PEESTHFeAORtagh g Profyidles a
ski n- pi ephdd endiha@pBriive kystenBingatblaARittohtellRd micro-needle and

af orementi oned depth, stability and/or duration. For
exanplméf“’sﬂs"?f&gh “Bet er mi ned that the i npedance

between a skin- piercing elenent (e.g., a mcro-needle)

and . one or nore electrical skin contacts is_indicative

of 98hal  + Thesbdity,ofiettsuas acenndipgiotthe Rigsent/ieventignrio gitest andigdicate

el ementpenctfaidd dafthWikdtion GRARYASnck By nlof ARREIIAGE.HIN oS
i ndi cative of penetration stability and/or duration.

100010 FOPSTPIdH Bimeanted elsriries) shasprteristicchsivisiom the lsctribad contact and
pr esentind RindetiB elerhdh® is'iﬁm}%gger%e a@&ém&h%ﬁﬁ%ﬁ%‘aﬂlﬁ e dlor

characteristic) 1s nmeasured by techniques t i nvo

for exaipfien Fopgamplenighas beamrdsteanined thitehel impesangeticteen a skin-
bet Wee igdify dlriil o lpC BniGORLAE) aftMfle LJ['}g%rg gllﬁlﬁ%p it bdbhots is

element while the systemis in use.
pr ovi dépfigativeptdenmabiassyeqengiationcdentdy b dhrerslsin-pidreing mlerndnat
| nCl Ud@Srieiibed Chhrdes in 96h MibedbicS SiEbe(ifdiStive S MEARE: |
| east one el ectri calmcontw‘;i():t and | nser%inmg&?cs |ir{1\£|3n
pi er ci AL into the dermal tissue while neasuring
an electrical characteristic existent between the
skin-piercing elenent and the el ectrical contact(s).
BRPRHODESCREmbeiimeyts efRyigmsessordiagie e nlesers intvention, the impedance
under s{G@Rlicndocical MEradi&RlitYiERe AR gﬁ%amqg Batfdvolvd

y refe

present i-nvention wll be obtalne _ rence t’gfoi Re ple,
f ol | owPPRIIBRA BfY cegirigal peteptinl besyeanihe elestricsl confadtiand the skin-piercing

i1 T ust eRbnkitvbRE e Yttt Shusk N Whi ch the principles of
the invention are utilized, and the acconpanying
drawi ngs, of which: FIG 1 is a sinplified depiction of

deppomh) t i SSAlSo AOHdA iSYRERR foPpick gﬁsénﬁﬂﬁssﬁe%{r%ﬁdké&ﬂ&@g
accordi.ng to an exenpl ary enbodi nent of the present

i nvent PEaliseds g skir) 3ithat Jprstoneiclegtrios] eomsant ansfinsetting a skin-
SYSt eNpiefinlenfht ift8 RleAeimallidste VAR SBLIRL ad LSRG characteristic

existent between the skin-piercing element and the electrical contact(s).
BRIEF DESCRIFTION OF DRAWINGS

[08012] A better understanding of the features and advantages of the present invention
will be obtained by reference to the following detailed description that sets forth
illustrative embodiments, in which the principles of the invention are utilized, and the
accompanying drawings, of which:

FIG. 1 is a simplified depiction of dermal tissue and a system for piercing
dermal tissue according to an exemplary embodiment of the present invention wherein
a skin-piercing element of the system is out of contact with the dermal tissne;




3 WO 20041000306 PCT/ US2004/003142 FIG 2 is a top
perspective expl oded view of an integrated m cro-needle
and biosensor nedical device (also referred to as an
el ectrochem cal test strip) that can be enployed in
enbodi nents of systens according the present invention;

Fl %o 2004dp3i@ DOt t om perspecti ve expl oded vi eWC?fuaf 003142
integrated m cro-needle and biosensor medical device

of FIG 2; E:l(g:\ 4 is atop pergggc_tive vi ew of the

i nt egrat ed P -%@%WWB cHlesied iew of aninteprmterl mikserpesdle and
of I G bidkénshi fedidal do¥icd (ol ibridiite 6k BRRb QM ol tesfotrif Haffn be
accordi ng_to, anot her enbodi ment of the present

i nvent | YRIVHER cPReIERtof skt mspreordinafc mesnentention) t he
formof an rig)aoRieH plikselPre22R10hA v FReQRERROL micro-necdle

nmedi cal device), an electrical skin contact

(i nt egriat Bigsepor pedicy dedes of Bl @it act ring) and a meter;
FIG 6 is argj J 1l i i . K
di agr am depflg'.??ndtgﬂf t he tﬁggl{g?gﬂhg El @ %%&?%%lﬁ%@%bomm
var i oudredisalsleHesRfF1G{Z t he meter; FIG 7 is a sinplified
depi cti on : ' h Kin-. ..

P of1d B& a%lﬁgd @Jgfcﬁbrgbf a]s t¥i4? ggcgllg%lga% %10%{ eﬁnt{oﬁgnent

pi ercir:)? el enent is in non-penetrating c

der mal of thg giggent myentiongthitgncindes skixl-pifrcing eldmit Ginitherfornf oftahe
syst emydordfeldGnicrb. d\ﬁ@ﬁnﬁibp:sé ' I 8l Ci el.ement
has pen.etgggt edl_t he der ma t%s%ﬁﬁﬂe%\csga ege%gwalsgﬁcomm
si npl i (iptegratgd piith e prprutsiconteqt nink) and s gwer;and a system for

piercing dagRls atsjnﬁﬁ’iﬁgd AGGREAAG O ar téc;cg I'&lga ge rdepicti':m of the

enbodi nent of the present 1nvention,
ski n- pFBtes ¢ 1G] leinplnding pariopgecompenentyof the mgter;of cont act

W th the deg 'sﬁﬁ;‘ﬁ : i ' ified . .
depi ction_of G?Itlés%syst g?ﬁ%#@f}?nle&%ssym?@? {’ﬁveelg%ﬁﬁe skin-
pi er ci MgFcEmsEipment is i noprpenstating gentach with the damaktissueni t h t he
dermal tissHg; & d .S I b i ctj.on. he
Systom of Bic: e phied Spfudi Gl ShaoAAE iRl dui
has peRErgelemenihes prastrptad the deguad tissie;G. 12 is a

e A e i
conpon&mal tispucaprerdigg te yot apgiker ERdin@it pithapredentinhtion, wherein a
11 ust gad £i0ind cREHOPHE silonh SRS bt MRS S mAGESLI NI
FIG. 10 is a simplified depiction of the system of FIG. 9, wherein the skin-
piercing element is in non-penetrating contact with the dermal tissue;

FIG. 11 is a simplified depiction of the system of FIG. 1, wherein the skin-
piercing element bas penetrated the dermal tissue;

FIG. 12 is a simplified electrical schematic and block diagram depiction of the
system of FIG. 9, including various components of the meter; and

FIG. 13 is a flow chart illustrating a sequence of steps in a process according

to an exemplary embodiment of the present invention.
[#0013) DETAILED DESCRIPTION OF THE INVENTION

[00014] FIG. 1 is simplified depiction of a system 100 for piercing dermal tissue D.
System 100 includes a skin-piercing element 102, at least one electrical contact 104



to an exenpl ary enbodi nent of the present invention.

[ 00013] DETAI LED DESCRI PTI ON OF TBE | NVENTI ON [ 04414]

FIG 1 is sinplified depiction of a system 100 for
piercing dermal tissue D. System 100 includes a

ski n-piercing el enment 102, at |east one electrical
cowbaslimshdd 4 WO 20041980306 PCTI US2004/ OOS%gm?M,‘ﬁam
neter 106 configured for nmeasuring an electrica
characteristi Cpé\g@g resi stance and/or inpedance)

t hat e¥jdgmeted gyrerfonReaTuTRESh cleptcal Fhamsteristicdo g aresistance

the el ggp&'hﬁ]@h aaid 104 |
use. 1000151 Sklcﬁ)qgterm%wel eﬁe\gﬁfﬁrbi%%ﬁécgﬁ&%g%g@d%demm

sui t absEtagk) A0pwhemeysign K0an@nse-known to one skilled in
art including, but not Iimted to, |ancets,

m cr o- needl es and m cro- needl es that have been

i 18943lat ed Skintprereingélersiah E9rcan be fyswitahle skintpéegring eeinent known to

m cro- %ﬂhl m@ﬁ%cm%%&rt hﬁ?tgd &afaﬁc@EVﬁ&%-nelﬁl% ag cro-

skille |n t e art recogni ze that”  mcro- nee
servi n@E@ss thitibavedicor integrated Withre hiosensate foark en mtegrated mnaaneedle

U PR edthy acS. D i et BTG SERA i iry”
on Augusedlesiservit@@s ykin-pierche 8le@o@s éa‘mtﬂednpmtﬂdgfmn uﬁl,udmg, but
r ?ﬂé@%ﬁ‘ﬂkﬁdjﬁﬁ%ﬁ&%ﬁ&g S s Ao oy bl S

2002) , (filed onevigusa 3, 20077, OWB,D%&ﬁlmn\I@g@lﬁMBU7mﬂ43éaﬁfﬁledon

of whi rence.
L0000 6@% 2606’2%21%?%? })%ﬂ‘ﬁ%&%g &ﬁ&%dzdoﬁ L:Hi{ fonQX 45f{ﬁ?ed Wiy 9,
m cr o- 208@)lhsewadld PETO’@Bthmn W@cmé@mﬂ’dewch ef \ﬂﬂéh i§ béretyy
referr fac}s @p%g“ chem cal test strip) that can
be benetitially oyed as the skin-piercing el ement
i n enbodi ments of systens accordi ng to the present

i on.

ochem ca Wgﬁﬁ%é&aﬁ%%g%a& egrat e n%nf:lrblé)?ensoré?“hm
220 anttvum@ﬂ{hlegm&tocaam tlécimoshentiahtes stripBat can be beneficially

240, AP &b Erbering e B R ol A1 e
and a ménnenﬁmnmcﬂi@ﬁchﬁnqluMdmmmcal cell 210, an

oA e A 484 B O R4 B

el ect res @31@uOudasd mw&mmwmeso spreading
Opposi ér&lvlés FH0AGE Qr&@&ﬁ{ Jomposmon (not illusirated). Alternatively, medical device

200 can be configured without spreading grooves 260.

[Mlﬂ Working electrode 240 and reference electrode 250 are oppositely spaced apart
by divided spacer layer 280, as illustrated in FIGs. 2 through 4. Divided spacer layer
280 serves to define, along with working electrode 240 and reference electrode 250,
the boundaries of electrochemical cell 210, Working electrode 240 and reference
electrode 250 can be formed of any suitable material. The reagent composition
includes, for example, a redox enzyme and a redox couple. The reagent composition
can be deposited on one or more of the reference and working electrode by any
conventional technique including, for example, screen printing, spraying, ink jetting

and slot coating techniques.




by divided spacer |ayer 280, as illustrated in FIGs. 2
through 4. Divided spacer |ayer 280 serves to define,
al ong with working el ectrode 240 and reference

el ectrode 250, the boundaries of electrochenical cel
210. Working el ectrode 240 and reference el ectrode 250
CaRob@sbsasoged of any suitable material. The p-8R6R0M003:
conposition includes, for exanple, a redox enzyne ana2
a redox couple. The reagent conposition can be
deposited on one or nore of the reference and working

el podrspde biitcpRled nE QB et 200 7l addpRs Ton &%@nﬁ%k&b@b@ a whele

exanpl creen prlntln _ spraying, _ink %
slot ¢ e e yiseen %%ms@w Q’GGVhOlﬂ lmdsamplem"o

PCT/ US&QQM&%&A@L:&O% Ihre @l SpRry Bnfdelr 308 Bhé if@iuced
i s adapted for obtalnln%H§ ractin whol e

sanpl enﬁ?@ﬁﬁmﬁm%&’“ tB"d‘&}quf‘n@ g‘%%ﬂ@ﬂéﬁﬂﬁ@g?‘@h@ﬂm
whol e SRILE60 nmega&h%letyesédre%bem&% flé;uce g

via inte rated capi | 'ary channel 230. ce|

into t k& and éfvefoing]|(irpeferring)iay intersigtiah Awi emmlex;d:erthana
sanpl e wilbe blobfnfe. €venl y across spreading grooves

260. Integrated mcro-needl e 220 can be adapted for

obt ai ni ng (extracting) and introducing (transferring)
Aryppdibpr St i 1 o dh Bhurb el & snp 0

s;atlrrple]e (0001 Integraagg n?cro nee aamcan eﬂm&ﬁﬂ
manuf atclydisg, forf example s plashbéretaiplgsesteeh matefipd dhat bisrbgen sputtered or
exanpl Mwmmgm% | @52 belh SR e OGN t&tué. .gﬂte

been sputtered or d*w’th a no
gol d, M@tsmerfrw the ipd¢ezatedroigjo-neffie as welbas the working
di MBS |, QRSatiof UEHRGAN éﬁ@totrreaﬁe o i&t@rg MR AEhal siin ayer (o8

m cro-needl e, as well he working “penetration

of t hedemaltissued & aéantwtt@mermm@ern@a@pﬁmmmtu ebtaming giwhole
layer {God éﬁﬂaﬁ% udeb.Ssue), are adapted to minimze
any pain associated w th obtaining a whole blood

sanpl e fromthe user. (00020] During use of nedica

dquee8; 200 thiin
stqu p), a sam?gﬁfﬁigg&%h%ﬁeﬁgl g%‘gﬁ IS 1 WUCG
into eftdp) # wetmissushis, odple biped) iyintrodcstt intgreterserhomicallckhR10 via

€ AN Cloegrlfbadiidry cifhhad 5o dh RiGHH bveth) Wit elecrochenyial cel

el ectrochemcal cell 210 by spreadlng grooves

a user ZH) byjspysading gronyes 2i0avher p user’s skireis prpotured).e. byenetrated) by
i Nt egr alefhiedinft-nRERHB. ﬁ,%@es bl g%, infeghatbd MG ndedte 220 is

integrated mcro-needle 220 1s
illustrated as integrated with referenoe electrode 250. However, one skilled in the art

will recognize that integrated micro-needle 220 can be alternatively integrated with
working electrode 240,

[00821} Although medical device 200 has a working electrode and a reference
electrode that are configured in an opposing faced orientation and in separate planes,
one skilled in the art will recognize that medical devices wherein a working electrode
and a reference electrode are configured in the same plane can also be beneficially
employed as the skin-piercing element in embodiments of systems according to the
present invention. Such medical devices are described, for example, in U.S. Patent
No. 5,708,247, U.S. Patent No. 5,951,836, U.S. Patent No. 6,241,862, and PCT



illustrated as integrated with reference el ectrode 250.
However, one skilled in the art wll recognize that

i ntegrated m cro-needle 220 can be alternatively
integrated with working el ectrode 240. [00021]

Al t hough nedi cal device 200 has a working el ectrode and

a W@&mmﬁe el ectrode that are configured ippr@thossnosisz
opp03|ng faced orientation and in separate pl anes, one

skilled in the art will recogni ze that nedi cal devices

wher ei APRICERR W OUP 087, WA/ 73114 and WEP 812308, carhnipybisids

ar e CORdrét\hdthotaedil Rill b3 Iericane can al so be
beneficially “enployed as the skin-piercing elenent in

enbodi ments of systens according to the present

| rygewaRj on. n%nsﬁld meﬂamm@ﬁe/gmea lﬁemd%aa ké@@g}uzemi a

exanple, in U S Patent Pat ent No.
5, 951, BiEtpmaggichasqdest pieip, Waeomfles@@heraﬂd bﬂ@ltte@t Sy, can be

200410 099,
10 01/ T e o B PR O D

i ncor pB‘P&FWq Styipks gre| degppibeddp Ui Ratent Applicatian $€F1315T|‘F6L@%91I81981
not ed {d?élton ki idg?)dosi@mtobf (fREd onvm}gug G of 7Y EM% 398 fi1ed on

a pho onetrl ased test Strip, Inst
el ect r Men a.moean LS da7 (fed ondiayi 9p20Q%wdti@/ 143433 (Gled @n May 9,

altern%%bygaﬁ%?gﬂkﬂﬁqkﬁbﬁ%ﬂ&&iescrﬁgn%} lLlj@éarrples of

such ometric strips are Pat ent
Application Serial Nos. 09/919, 981 (flled on August 1,

2oy 0%/ SRR 1) 96, QUL ) PO el Ul A
2002) mctllm#wn@ opg skilléd in gy arsn lovhe/erhodinRG O FIG. eladhcnmal

whi ch LARER [ - /
100023!?%%& tod ??"‘n*‘g&gg‘a. n g téﬁ%s aJ‘?"’ﬂ;‘%&’ll g%‘% CoReE{ dIich for maling

104 caslediyicabaoplagiithths eutesiskie iawr@&dermeldwadl Blentrigal coptact 104
one s k g@ Qutm?ecéfc!ill Joﬂdut:m 1 | A u&f is ’i'_:l %nta&t with the

electric contact 104 has circular shapé and I's an
el ect rputex|skiy fayer. Mw%mi@mcm&emﬁwmmw@ew pl@ensses

cont acf, cﬂ\’fst Slthddin q,y?c dey R I_.11 ﬁdmﬁ§¢1
El ectrica contact 105’ |nclgd an outer electr caIIy

conductive | ayer that, during use, is in contact with

Ut er Sk RnLAN Al m%m Pec@gu%mklawal &oﬁ&@mﬁ@a&%m

app I ed by conventional processes such as electro-1less

pl at i nefa copduckivermatgyial in tognabla-thereadygeeagisement planjclegtrical
characteristic existing between the skin-piercing element and the electrical contact.

Electrical contact 104 can be formed from any suitable electrically conductive
material, for example, a polarizable electrode material such as Au, Pt, carbon, doped
tin oxide and Pd, conductive polyurethane, or a non-polarizable electrode material
such as Ag/AgCl.

[09025] In order to provide a system that is compact and compatible with integrated
micro-needle and biosensor medical devices and their associated meters, it can be
beneficial to integrate the electrical contact with a pressure/contact ring of such
meters. The integrated electrical contact and pressure/contact ring can then, for
example, be electrically connected to an impedance measuring device located within a

housing of the meter.




[ 000241 One stalled in the art wll recognize that

el ectrical contact 104 can be fornmed of a conductive
material in order to enable the ready neasurenment of an
el ectrical characteristic existing between the
skin-piercing elenent and the electrical contact.

El ﬁgtmmbucont act 104 can be fornmed from a%’rﬁﬁéi&f)&kﬁz
el ectrically conductive material, for exanple,

pol ari zabl e el ectrode materi al such as Au, Pt, car bon,
doped tin oxide and Pd, conductive pol yurethane, or a

noeprd) ar i ZBlthéciRinBfhdcd that (1Bd16ik@l confttGhd ﬁ%sséﬂjo@ﬂgt rmg have

[ 004251 In order to prow de a systemthat is conpac

and corftiriserated Fﬂt“@@%i[@d‘m?ﬁ WWemeataPmm
bi 0s ensg ot Bathfalo. 548 Y isGendd Rtadiliele the2p R rBLAH

it can be beneficial to integrate the el ectrica
cont actiigrted elecicaleonipe ApbpTesEE/ contashring cas has, fonexawpk, a

The i ntgfeeat fidnhilof k6@ el B @%ma%hl% gﬁf%‘z[t&{ e‘fe%{Hc@ t

ring can then, for exanple, be electric connec
to an i%mwe/eoqmw hefns fasdlifate e melsing ofifluidl tavéss fram the dermal

housi ng.Qf 4t Es 1 43 f{s S%a;tzeu]{fbr%%gﬂﬁr%% Qctrical characteflﬁnc to

PCT/ U52004/ Int cl rcunst ance
el ect r eBricnt skip penctrativn, peneiragon wabdisnansléor a smfﬁgema&seiendsem

| nt egr ahegh mﬂf%t%ﬁm@&%{@ém? lied to

dermal tissue D at ressure exa ‘e, 0.5 to
1.5 pounds to faC|I|tate the egress of bodlly fluids.

Anyobiirp Or at i opliGiGt intefali Coqme%f&m@ﬁ gormc?ﬁl‘?néjﬁ/a%%%@e%o&ad

ring can have, for exanple, di anme

f r om 2 TipgrsalpstredinFIG e FIG S demtegm enceyilag] ee:bpdmwaﬂofa system 500
cont ac

i | Ki ngmé’f P d eS%SSé SRR Sh ok fides ?%‘F%‘%%é%éﬁ%?m

site amdegratedpienotnestils ad clegirichamital tpstotrindl ap dutegrated electnml contact

char ac ﬂ,&g,hg JritacBiRl08
penet rgltgilvon stability ana?é%étwo??&m ent gﬁlgl%%gnnciée?‘pmme
time feupisreingglemgnt 51021 andsthe integrater eleeitjcad bantashand\grastirgicontact

the degiBboatth S3tBin WRRR AkrcIBEs J&J,Seng%hn ﬁtb@&rﬁ&g@a e

the electirical contact ri n ressurel conta

ring i Swier depistedin EG. § 5 amow @mﬁmt@posﬂlaastecd@crqum
exenpl giyorR/hedbiRhtiak P%sﬁ)ﬁéfcﬁ@aégﬂ Cof1@%tioR DEiGds 18 Methods of

dermal tissue. Syst em 50 ncl udes ski n-piercing

el emenlUsiggthe Same,” whighis hewbreigeaapassiedin dflbbyrrelershes. £mde apprised of

el ectr %Bﬁ&n@&kc]&sﬁét ond (skil1EH in Rt RRE 4&52%%% @&e[ey dal

contact ~and pressure/cont act ring 50 nmet 506

for meBSHET{ENtdtHRERcAR be blegRked iith preclectrical contact for use in
embodiments of the present invention. Examples of such pressure/contact rings are
described in U.S. Patent Application Publication No. 2002/0016606, U.S. Patent No.
6,283,982, and PCT Application WO 02/078533A2, each of which are hereby

incorporated i full by reference.

[00023] Referning again to FIG. 1, meter 106 can be any suitable meter known to one
skilled in the art that is configured for measuring an electrical characteristic (e.g.,
resistance and/or impedance) existent between the skin-piercing element 102 and the
at least one electrical contact 104 when system 100 is in use. Meter 106 can measure
the electrical characteristic (e.g., impedance) by, for example, applying a safe potential




skin-piercing el enent 502 and the integrated electrica
contact and pressurelcontawt ring 504 to ascertain
whet her sufficient skin penetration has been achi eved.
The nmeter depicted in FIG 5 is a novel nodification
of the meter described in US200210168290, entitled

" Rogseedbsegkcal Sanple Col |l ection Devices anq ﬂ?ﬂﬁn?f
Usi ng the Sane " which is hereby |ncorporate T

by reference. e a ed _of  the present dlsclosure
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press U_ﬁﬁi&ﬂﬁ&ﬁ%&s beldv) Dedbn ﬁ@sl&n&lﬁeﬁﬁ@eﬁﬂwﬂw ahﬁ‘ﬂé@lccmcal contact
electrical contact for use in enbodinents of
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rings ®hé& thélatpibrbiag elbdertapproatis Q'Hikesbhﬁﬂlﬂeﬁ&ﬁhﬁ’gnwntact with,
Publ i cati on No.” 2002/ 0016606, U.S. Patent

6, 283, BRmstrategfee. W%Wdll%ﬁﬁ%#ﬁwmﬁmﬂB@meﬂﬁm%ﬁbe
Whi ch gE8ridAPstaRMeristil %r]ﬁ%e%féé cbﬁhnfub\lsly tﬂ%u%ﬁ:ﬁﬁ@ entioned

1000281 Referring again to 1, meter 6 can be any
sui t abhse- Fchis qumm\cwnwa, dsmall ligstie pepetration by the @lhmxexcmg

f. [+ 5€
E:on | O4ER &tmrbeqa@aéamagw ﬂan‘gl@gﬁge‘{c&% Ghal &

g. resi stance and/ or exi st ent etmeen
the skier ynmd@ncpbgreéﬁ@n%ﬁf the fkin-piprding klement fromgthe derpaldissue can

el ect ryeCitece@Msafr a]sqg‘nfy“ﬁxﬁ@née%&t]ﬁ me%regt%hil Shirf 1€, the duration

Meter 106 can rreasure the electrica aracteristic
(e. g. , ofipepriatoncey baxetermiged asdbmifhebetvwgsp pericgfion andifegaction, and
pot entg@}mvﬁ 48040030308 ﬂﬁé&ﬁn&s@&%/e%ééé%mférﬁﬁc The

current (which wll be described further, In terns

cur r enfreqaensy ptwhich thapptentipland/ermagrent isagplicd cmb@ww‘b@tnmmm
the skiedikfk oh ViaRbRFB&in hhgdlgct ri cal contact

when the systemis in use. "For exanple, the electrica
characteristic can be neasured when the skin-piercing

e hGvgBe)t ap@i@%@@ﬁ&mmw&%a%ahfe%a&%rwéﬁc@ﬁdo%

penetrates (e.g., pierces) and is retracte
der rral the ¢mbodaentofifiG 6, meterd 06 tﬂﬁb‘desépé@ﬂdlm 602, micro-controller

char acg,es kst Mmg@g_t&&gém I n t Hﬁ%}bﬁe} SsCHSRAUL-

t he af orement | one
ci r cunwitegesenvegenaifbattiry WB@@tmdiG qurren pourtre622 and a switch

Ski n- ngRr et 1065k to it : 191’3111 element 102

S|gn|f|cant decr eas In an e rlca Characteri tIC
(e. g. , mdgjsetdenh canfact 104t Wahsp r-wphcﬁfM istetosegldi.er- o) shecineter 106 applies

el eneny, £¢ Wﬁ%&amgﬁm elé?r?enfjﬁb%ﬁ& 8e-t0aPEtact

on a signi increase in the electrical
char actdifordbe murpopdd masusing ppedante henalstwesni By moesuringthe current

det er L@Qg@ th@%oyyg@(\biaﬁ%sﬁﬁé WELReRHP SRk b1 @Ahal contact, the

retraction
impedance (Z) can be calculated using Ohm’s law:

Z=Vi

If so desired, either resistance or capacitance can also be determined from the

impedance value.

[00030] It is beneficial if the amplifude of the current source is limited to values that
can not be sensed by a user (e.g., less than 10 mA) but large enough (e.g., more than 1



stability can be detected based on fluctuations in the
el ectrical characteristic. The frequency at which the
potential and/or current is applied can be varied to
m nimze dependence on variations in skin type and

condition. [00029] FIG 6 serves to furt her illustrate
a wo hdeaMosie et €r for use in syst em 100. s
enbodi mrent of FIG 6, neter 106 includes an L%D dzogalgologu

602, m.cr.o--controll.er 604, an anal og-to-digital
converf”é"f)(2 RPakj @ 398 Sienp o gﬂ‘?%ff”ﬁ“f’epl B BRIy F@W@‘ of this

vol t ag ﬁwﬁﬁ%ﬁ,ﬁh& Goredt HRqueBat ik Bétedn (BRH2)to 6 Rz #heréMhe low end of

current. source 622 and a switch 624. Meter 106 is

adapt e el TEPECEIEs BIEE eq ditceriozaad (e bigh end of thy fraeeney range
el emnhﬂg&wﬁgc@h@ﬁﬁ*mﬁmﬁg%mlm When switch

624 is closed (1.e., on), the neter 106 applies an AC
current wavef orm bet ween ski n-piercing el enent 102 and
elggvaij cal ”ﬂﬁ%eﬁﬁﬁfemeﬁi%nﬁ#ﬁaﬂc@ ﬂ&é&@ﬁc%&%@ﬁﬁd&mm
I npedance t herebet ween measuring the current l)
and t h@@%ﬂﬂ&g@wa%rﬁd@mmergw pirdatielygxpangireelectrical
and el D q}?cﬂfr&e

cal cul g‘t%ﬂgh% W&%@dmwra@ % I so g%:sn rec?gl? %mwde
resi st &ﬁ@@eéﬁncealpﬁeﬁmaﬁwlngaﬁawcb@nmem@ iseiqvetiocseribed in
the i pRAARAGSKicHRhE S, PAAPARckdonise Txati%efd/&‘oél'w 1pe& &
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M) buko @R ot

20041 000 SoreZ pﬁ%%"ﬁ%‘é‘lﬁ%ﬁ%} 0 or eatb\é)%fma%cgd
signal to noise ratio. In an exenplary enbodi nent of

t fmszll nverﬁm qrhepfcag slrraaﬁ nk%rsgfgmcaferaﬁg DELUR 6%, 3Qmal

MHz, where | ow en the ffequency 'range

pr ev e n@%“ﬂ% end %@Wf 18her the eirsvmglancs thit e skingiercing element
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el ectrical ~ conponents. However, systens according to
t he prle¥eof damaldisfop Bhisdypically glsatgrtwu 1§MQ £ Bshauidhedatede
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described 1n pending applications

Appl i cexthegnetesand the mpgnitudgpfgpylealage quinented on

[00033) FIG. 7 is a schematic showing the spatial relationship of skin-piercing element
102, dermal tissue I and electrical contact 104, for the circumstance that the skin-
piercing element is in non-penetrating contact with dermal tissue D at the center point
of the circle formed by electrical contact 104. For this spatial relationship, the
impedance between the skin-piercing element 102 and the electrical contact 104 is
typically, for example, in the range between 15 k€ to approximately 1 MQ,

[00034] FIG. 8 is a schematic showing the spatial relationship of skin-piercing element
102, dermal tissue D and electrical coniact 104, for the circumstance that the skin-
piercing element has penetrated dermal tissue D at the center point of the circle
formed by electrical contact 104, For this spatial relationship, the impedance between

10




Decenber 12, 2001) and U.S. Patent Application Seri al
No. 09/988, 495 (filed on Novenber 20, 2001), each of
whi ch is hereby incorporated by reference. 1000321 FI G
1 depicts a spatial relationship of skin piercing

el ement 102, dermal tissue D and electrical contact

10kohenmndolig circunstance that the skin-pierGehgsRbeTEH
is out of contact with dermal tissue D (i.e., is not in

contact, with.the skjn.layer of . dermal_ tissue D). For
Chi's. s gt e erih (P2 5 ¢ feroal a4 et ahrly g more than
skin  [p0%rof the Gmpddeme i tRkioinktned Batid kalpi&Gand déhent is in non-
(which is in contact with the outer skin_ |ayer of

der mal PFGeSEnS cpytaqt @t gamalfispue I ftasipariulpted, avithopt peipe bqund, that
shoul d thi€lapcRelge in RAWIRE is dub &) thé AGoliyPEMR RERAMRE MEKEARing
vary dgﬁ nding on the type of electronics used in the_
met er FhC PHE iepideragnd S pnetekian ef thuskineriercing glowg futo
FI G 7 tlieSiefnab § xﬂm&g BficSRApd dhce shilitdnpshi p

of skin-piercing elenment 102, dernmal tissue D and

el ectrical contact 104, for the circunstance that the

skos3spi er CBA3gd &I B EEussich absve OR PRAR tafhl Hz?as ERGE the
with dermal tissue D at the center point of the circle

f or med IBBFdaice betyeeadhe skigrieaging dlement meythe ¢l¢ctricakrantiagtiwhile the

rel at i gpehi iPin dsBrovitiRE SRNGGEoAR SME Bohelrbifon St wan BL RleGhBa:
elenent_lof ghd ?ﬁg elecirical contact 104 fgng&%#%hBEHYOf
typi cafispenetgHon da fihFeyoristhe Raterdngeterran dieshpepsirion, t o
appr OX péiRirftioN sthbilityhd JAORRG dlthiien (o Ample SAREHR ab transfer
showi ng the spatial relationship of skin-piercing —
el ementesidgrss imglipyrafesurg by émpsdanice (resistanged betwees theskin-piercing
104, f Qembdt @ndtht QbIRLARARC Wen MR SIS idhindXiGhdnl fMletrates into the
el ement has penetrated dernmal tissue D at the center

poi nt Efmakjissue; the registanics priggpedmcevillerhibit a pig Sembebange0 4,

For this spatial relationship, the inpedance between 10
VO 2004/ 080306 PCT/ US2004/ 003142 ski n-pi ercing el ement
109036hd 1+ hln erderce fasea PryciRes ef skinpesistance differenseppreeipatjeah o
nore t HathoiedifionRhsutdd@nis) %ﬂ?@fél&&i&fb%nﬁéé SR bAROFed. n this
that the skin-piercing element is in non- penetrating

cont actrHPpRRg A iaditenakmengurpment of the elpgidsal chatagtgristipibetoen the
bei ng Hevtich cdofatd canltivsed18h@RakRANGEqleR hdARPIMAEDeiwien the
due to the majority of the inpedance of skin being in

t he outlestriqalspmtacts midhe iy pipreing glgmeniq Althougls anyumber of electrical
t he skWﬂsmﬁ&F’ RyQITRI thelsiMeQf silpRcifSlyiBih 70 SEHE. 9 for pierci
beyond the outer I ayer reguces ?ﬁ%eggﬁce significantofr13"'/].‘%mg

[ 00035Fermaldisgre LHis tepieicd; ag ingluding froglesiical qoptagts $piemifp includes
that t bﬁdﬂrﬁ&%ﬁk RRBA 703, 2R electrical contact 704, a second electrical contact

705 and a meter 706 configured for measuring an electrical characteristic (e.g.,
resistance and/or impedance) that exists between the skin-piercing element 702 and
both of the first and second electrical contacts 704 and 705. The use of a first and
second electrical contact allows the detection of penetration to be less dependent on
skin type and condition by providing for differential clectrical characteristic

measurements between the two electrical contacts.

[00037} Dermal tissue impedance can vary due to humidity of the environment or
sweating caused by high temperature or exercise. In the embodiment of FIGs. 9

11




i npedance between the skin-piercing elenment and the
el ectrical contact while the systemis in use provides
an indication of skin penetration, as well as, the
stability of this penetration. In other words, the
system s nmeter can detect penetrati on, penetration

stwhieishaézw@nd penetration duration (i.e., SQ@?)U@:mmsm
extracti on and transfer residence ti rre) by neasuring

the i or Si bet ween t he ski n-pi ercing

el erren Clﬁh‘é' éﬁ‘g’é‘lnﬂs &E%HWW fti¢hyfan be monitored are
ski n- pitkie badgect sEAPREcRORMATNL Snd MbiQldchRal HREWTO, and between
tissue, the resistance or i rrpedance will exhibit a

si gni f iSEBREerGngaiment 104 grdwsond slegfrigal contast 7055 Byiqverpging impedance
| npact vahesthdabrédetwekihe agﬁipﬂ‘efcﬁ{g%m& 420 béth 8fetifdt G/ second

characteristic nmeasurenents, plurality of electrical

cont ac et cpptactsnibe eyl to “Fﬁ‘“!tﬁb’ detect dorpglHssugnereiraton is
addi t i QRgrovede AS4MHRIOR Meafifenteh® ofihe ﬁﬁﬁe’d&ﬁlt b&Q@anget il p?érérﬁg

between the electrical contacts can be used
nor mal iFFEeahapd bt e firshindseroadeamtastsisen heedsis fv@adetermmauonasto

el ect 1 ihatheroP Bt IRHSFMPRE s Woas Bldn A Flle8 &&mgﬁxsﬁm@%gd electrical

Al t hough any nunber of electrical® contacts can
enpl oy ERRtactso Furthremarg, K dsfer%lp#wp iof ivhefher ey/rnt BRifoR@ @resfure has been

FIG 9 *@d%% tioh§? 1
i ncl udlaé%gl two e ectrl cal cont ac lt!ﬁ:sgnspt?ee é]%&ll ncu?% Lt
a ski nPpelptes thedeama ese “W-E’mpalpﬁliql@iafma@@t r Alghenghetbert act

704, achssdanch 6f 6L rgltﬁaagm%? s,stw%%c@ﬁaﬁ cBntiER fkholiRbe

configured for neasurin ectrical charactéristic

(e. g., 3PAreEigtedithat ere shillgd ’é}rthei Fhseuld glse ymplaymors,thanttwo electrical

bet e e Bodidd a5k iniréd D reInRITR Wher! @fer@ltfhe iPOL,- Elemen
first and sec%’nd e?’ ?ﬁjl cal contacts 704 agnd 70 mmﬁg ‘
use of ¥sdeiugpplied WMH‘“@}%MH cal contact allows
the detection of penetration to be | ess dependent on

ski n tf/pe and condition by providing for differential

el (00038 c 5| Rumibermercthe messured ppsdance batvieen thscfirglaindsecomd clegimical

el ect I b&idctscabeAst o nbRRARA DnpbdhdBhlubd RSN Ged HINGEA Mo irst
can vary due to hum dlty of the environnment or
ﬁ%"ﬂ ewtpctApd fhie

sweat i b apyelbasbeipeenthe yogondh e
enbodi pedicaPéontakiGRd m% sidith-pi8ir UMbt O3 QorBfatized impedance R can be
/ US20041003142 through 1f two additional inpedance

neasur EM@tted a5fhe &ollo@ig: be nonitored are those between
skin-piercing egegept 702 and first electrical contact
704, and between skin-piercing elenment 702 and second

el ectrwbet: contact 705. By averagi ng inpedance values

measur ed be n.the skin-pierci el ement and_both the
first and S%tweﬁg lbetwgent{; slé‘ngplemmgefgmmtandclmermeﬁrstm

second electrical contact or, alternatively, the average of the impedance
between the skin-piercing element and each of the first and second
electrical contacts;

and
Ry, 1s the impedance measurement between the first and second electrical
contacts.
[00039) FIG. 9 depicts a spatial relationship of skin-piercing element 702, dermatl

tissue D, and first and second electrical contacts 704, 705 for the circumstance that the

skin-piercing element is out of contact with dermal tissue D (i.¢., is not in contact with




el ectrical contacts, the ability to accurately detect
dermal tissue penetration is inproved. In addition,
nmeasur enents of the inpedance between the skin-piercing
el ement and both the first and second contacts can be a
basis for a determ nation as to whether or not uniform

Prwesimselas been applied to the first and $e¢08f04003142
electrical contacts. Furthernore, the determ nation of

whet her . i for,m DI re. h bgen .appljed ¢

i1 gare iayer SfdenB L BY b Riel o it ana SRl dichiical comtacts
el ement704,9h atetimshlatet] fropene trioteemdiskyratbarbya ldistan &SIUe ad ilusdrated
non- per. Fﬁgi& | ar er . ﬁ{l\tl\g)(')pu @th rbl(Seﬂrafbldi rren? olf :
Pl Gs, oR Pk ¥ tiwoueh VE Diaios L) i Ionichlly iy the capee o 05 e o 2 oo, when
shoul d Iies defippi Saheaiieest Edptetwaaeths Kist hfddedond 1B fontacts 704,

and., t HOF By sl st Pr D e Btented g sk g

ski n- pietnment 792 ahdilie fifst eléckichieiontgot IPhideivetn e skin-piercing element
perpen:}l%ul ar manner . ‘1000351] Furt hernore, the neasured
i npedar® Reetndelretrieal sontachtPSJepiallyrater thaw iy MQ.

cont acAsldRioAallyihé! mdddne BURYHR ks SedtMREARARES 0¥ F MBS second
measured between the first electrical contact and the

sl ai n [Sleeifigal qeptact isddinite value typigally ishqyapgrdeivee S k@ tond

el ect r iyg@bxrim@@iydGiipand the skin-piercing elenent. The
normal i zed | npédance R can be calculated as the

followi ng: R=Rn/Rb where: R, is the inpedance between

[ Nodis} N Pi AGC1 0 2 SLRER shdg B e 1. r. the
second] el ectri cal ag%nt actShor, 21]%%%?%5%1?%5%%5{%% p:erE:mg
aver agé&lement{782 dermad tisspecld andyfarstigod secotvelasiical-cpiteqte704gnd 705, for
el enenipeAfehe @i @t thd WinlpidrSihe GoHen ihd & .
contacts; and Rb Is the ivﬂﬁpe%_gancg %%g%e‘%ﬁﬁ% \%Lélgtn"mh

t he fi Aermabtisguedd P thivspatial relagionshipcthe inpetiance b9GBIMe FinG,

9 depi fefir cRRihi A ah P hilsCAGH bda ibgav%m in-pierc
el ement. 70Z, dermal tissue Dpicglncggt?ﬁ?g{]a@n sec%ﬁ pieteing
el ect r Flement JBhmshesserpd eleqgel gaptact Y ivtypicaliysforsremplehiatthe

the ShifePlethh9 kbs PRl P e Ak i L der pal
tissue D (1.e., |§s no%ﬁﬁud(l:%cnfa%{ V&@W&Wﬁ&d&w@w&n
first electrical contact 704 and the second electrical contact 705 is a finite value

typically in the range between 15 k2 to approximately 1 MQ.

[00041] FIG. 11 is a schematic showing the spatial relationship of skin-piercing
element 702, dermal tissue D and first and second electrical contacts 704 and 705, for
the circumstance that the skin-piercing element has penctrated dermal tissue D. For
this spatial relationship, the impedance between skin-piercing element 102 and either
of first and second electrical contacts 704 and 705 is low, typically no more than 10%
of the impedance for the circumstance that the skin-piercing element is in non-
penetrating contact with dermal tissue D. Additionally, the impedance between first
electrical contact 704 and second electrical contact 705 is a finite value typically in the
range between 15 kQ to approximately 1 MC2.

13




WD 20041089306 PCT/ U S20041003142 the skin | ayer of
dermal tissue D). In system 700, first and second

el ectrical contacts 704, 705 are insulated from one
anot her and separated by a distance LI, as illustrated
in FIGS. 9 through 11. Distance L1 is typically in the
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el ectri c"’alm‘Eeélﬁ‘f"ﬁ}:t%”‘?eGB 3 egt 707 and ither;of first ang second

MS1. Adiitiitd Batitdcis, 704 g3 70@%@9% iD&IpiRa M F1G. $3 as including an
electrical contact 704 and the second electrical
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10 is a schematic show ng t spatial relations
ski n- pFWFW@$%MW‘CWMaW@MdMW§% is

and se ivel %@ﬂ[k&t&ﬂkﬂﬂp%ﬂitﬁ&&ﬁ g d8feR a?be £8Peledtal conliEt 704 and

circunstance that the s lercin ment 1S In
non- pefreprdaldcirisaloonteet 7P5. VWhWﬁrﬁf 736iissiesed (e., Frand seicend

spat i akwkgl7ab s 9 oﬁme hIREHRRGS ARt NEER 0&0%&%&“

pi erci ng el emen d the first electrical contact
704 an m%ewaltqq@a@ l?%aqéuf@t eleptgcal eamgast iy froke pwpbse ofe

Secondgﬁsﬁﬂﬁ%xh%@&an%% JQS%&MM@H%M andseccindsw:tch

exanpl range between 15 k@2 to approxi mate

1 MB2. T4HigFlosedrihe mpter appliesianAEcrament WB‘éfthehﬂweﬁn plin-piercing

el ectr pe@int SQEFI cal
cont ac% 7059%%%5%@0%%970&(? |calul?%/0§é|:§1frn!tlhe r%nlé]e

bet weetherpbetyeen; mp?tbﬁrﬁtrw@hﬁqamwp@wwhwftmop@mp meter
‘& SChenfd daf be AW % xhuifle ﬁt‘:aisﬁxle ahEhiit Qgﬁtus@vaﬁe

skin-piercing elenent 702 dermal tissue D and first
and second electrical contacts 704 and 705, for the

Ci U Pt aanithﬁEahB@cﬁiﬁ'xﬁusHﬁtﬁfg‘i' SR i'@rocess 900
penetrated dermal tissue D. For this sp at|al

rel at | ¥ifRHing to MrEemplpy gahediment pitbe presrt lnvfml@r diirprgss 900
el CMeNInchB cBsbefty HOR isile ilnlaPleaR B FRERNLoRAA G bt Gl in

contacts 704 and 705 is low, typically no nore

of t heSttmPOand meertinga Kifepierripg elemems ffeo a@#ﬁqmtwem@wrmedleand

Pi er Ci BigseRicy RIBhe drrhdl 1808 as RERR i@ ﬁﬁﬁ@ggzﬁ
dermal tissue D. Additi onalafy, t he |n'pedance etvveen

first elequical ¢hapglengis @ adesiskmge efippeiapshexisiong betyeen e skin-
cont achiertflg eleﬁleﬂ ahdl e bfectMal e&tfwﬁ I:&ﬁéaka&ed Mrte RBocet 308 ying

between 15 1 cl 2 to approxi mately
_ process 900 is that the changes in the measured elecmcal characteristic can indicate a
sufficient depth of dermal tissue penetration and/or a sufficient sample extraction and
transfer residence time (duration) and/or the stability of skin-piercing element within

the dermal tissue.

[00044) If desired, process 900 can also includes presenting a user with an indicator
(e.g., a visnal or anditory indicator) of a dermal tissue penetration depth of the skin-
piercing element, an indicator of a dermal tissue penetration stability of the skin-

piercing element, and/or an indicator of dermal tissue penetration duration (i.e.,
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13 WO 2004/ WB(r)6 PCT111S20041003142 [00042] FIG 12
serves to further illustrate a suitable nmeter 706 for
use in system 700 that includes suitable electronic
conmponents for measuring an electrical characteristic
(i.e., inmpedance) between skin piercing elenment 702 and

eiwbadesmosdsi r st and second electrical contgehgshPivoind
705. Meter 706 is depicted in FIG 12 as including an

LCD di s 722, troII 724, an . .
anal og s?rgglg ae@hvsf%[ 5 °§§'€ m%ﬁtﬁ“i‘?ﬁ ‘*ZW“‘VZ@,‘S‘“G
currenhmﬁ@mﬂmagg&ﬁ&mnMﬁﬁ&QMmﬂﬁ&nmﬂamh@ﬁﬁmﬁUBAT) 732,

an AC current source 734, and a first switch 736 and a
second switch 740. Meter 706 is operatively connected

Wi [000435Ki N- Pit SHoBidbe ufdeRdidlthal Mioud diteSbtivel Rthé érﬁlﬁJ(hments of the
contact 704 and _ second el ectrical contact 705. \Wen

first doyeption dyssabeddberemyngybe emplayed ip piycticing taeipytion. It is intended
Swi t ch tiafie FolloR R R1alths dfine BE fchpe dfag iRh&én A Rat Sc@Rts A

current waveform between second el ectrical contact 705
and fi Mmethods within the seope ofthese elaimg and heir eqyivalents be swversd thereby.
nmeasuri ng i npedance therebetween. Wien first switch 736
is open and second switch 740 is closed, the neter
applies an AC current waveform between skin-piercing

el ement 702 and first electrical contact 704 for the
pur pose of neasuring inpedance therebetween. Wen both
first switch 736 and second switch 740 are open, the
nmeter 706 can be used, for exanple, to neasure and

out put a glucose value. [000431 FIG 13 is a flow chart
illustrating a sequence of steps in a process 900
according to an exenpl ary enbodi nent of the present

i nvention. Process 900 includes contacting dernal
tissue with at | east one electrical contact, as set
forth in step 910 and inserting a skin-piercing
element (e.g., an integrated mcro-needl e and

bi osensor) into the dermal tissue, as set forth in step
920. During the insertion, an electrica

characteristic (e.g., resistance or inpedance) existent
bet ween the skin- piercing element and the el ectrica
contact(s) is neasured. The concept underlying process
900 is that the changes in the neasured el ectrica
characteristic can indicate a sufficient depth of
dermal tissue penetration and/or a sufficient sanple
extraction and transfer residence tine (duration)
and/or the stability of skin piercing elenent within
the dermal tissue.




[00044] If desired, process 900 can al so includes
presenting a user with an indicator (e.g., a visual or
auditory indicator) of a dermal tissue penetration
depth of the skin- piercing elenent, an indicator of a
dermal tissue penetration stability of the skin

piwoekagsslsenent , and/ or an indicator of dergeglysichsdig:
penetration duration (i.e., 14 WO 20041080306

C;hg@?ﬂgﬁéﬁ@&%) sanpl e extraction and transfer

resi dence tine) Sf the skin- piercing element, with said
i ndi cat or bei ng based on the neasured electrica
characterlséﬁﬁ%?$8%0451 It shoul d _be understood that

various-al t e RSl omprisiag

|nventmethQSﬁﬁgénﬂknhereln nay be enpl oyed in
is intended that the

practic t he |nv ntion.
foIIOMALG%%W§FH§"ﬁ F?ﬂ@ﬁfﬂ% scope of the invention and

that s tamitfdr g tr MERANEAS Wehioii RhiriterB6 0BGt bdrhgse
clgagg and, their equival ents be covered thereby. 15 WO

Ersinpelemert spchihe aidesstope plepincal ngcihwhanthg Sssteq is ipy

syskem for piercing dernmal tissue, the system
conprising a skin-piercing elenment; at |east one

el ectrical contact; and a neter configured for

meas Uri2ng arheSlysdsnt 6f dldh 1 CWRIEE the hi 16dst SneRlceSitARbnRE I WREN

ski n Eler0|ng el ement and the at |east one
CYAtact when the systemis in use. 2. The

systen1of cIa|n11 wherein the at | east one electrica
contact is electrlcal skin contact. 3. The system

of clafm 1, Wﬁf‘:{kﬁ‘@ r&‘f”é‘im?hgm&@ﬁﬁ%%dt%mﬁaé&@ﬂ?e

arb]ec&icﬂﬂhﬂrhﬁﬂish@b@&&ﬁ&]ﬁ!skﬁ%&mﬁ@d]&&%ﬂaﬂdﬁﬁe A idakt o €r Ci ng
ment. and the. at. | east _one electrlcal contact that

Flociisplegpinc) hatis mgligaiiyg of fermal fissus prustration by, {he skin-pjgrcing

SKﬂﬁmﬂLerCIng element. 4. The systen1of claim1,
wherein the nmeter is configured to neasure an

el ectrical characteristic between the skin-piercing
el ement. andrhelRgstend ofl i tt, WHikEein the meter is configured to measure an

electrical characteristic between the skin-piercing element and the at least one
electrical contact that is indicative of a stability of dermal tissue penetration by the
skin-piercing element.

5. The system of claim 1, wherein the meter is configured to measure an
electrical characteristic between the skin-piercing element and the at least one
electrical contact that is indicative of dermal tissue penetration residence time by the

skin-piercing element.

6. The system of claim 1, wherein the electrical characteristic is the
electrical resistance between the skin-piercing element and the at least one electrical
contact.
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el ectrical contact that is indicative of a stability of
dermal tissue penetration by the skin-piercing

el enent. 5. The systemof claim1, wherein the neter is
configured to neasure an electrical characteristic

bet ween the skin-piercing elenent and the at | east one

el webdoBsdboscont act that is indicative of depgiysiobstiic:
penetration residence tine by the skin-piercing

el ement, 6. .Jhe st 0 laim 1, wherein the .

el ectrical chargn eorf?"s i"?%?%n%eélg‘inéc ?ﬁﬁaff‘ﬁtfemihééﬁtg‘? ance
betlegtsical infpedake etyden theiskig-pir@ipRidmeanchdtiiRest Rhst bRoddctRae
el ectrical contact. 16 WO 2004/ 000306

P 004/ 003142 7. The systemof claim1l, wherein the
el ectrical characteristic is the electrical inpedance

bet ween, t he_ski n-pi ercing el enent and the at |east one
el ectr irhcal TEWW&‘EPECIQP Fprhereip theahieat onq elscifical copptr ei n

t hixcRitlesladis tle@tfi€al €t dnd G 3bcoh@8lEchidal confast] udes a first
electrical contact and a second el ectrical contact. 9.

The system of claim8, wherein the neter is further

confi gy ed Ty systéiRabeiiinB)whdteif iR Getdr St Bdiighed fopt i C
exi st ent be%cwe_en the first and second el ectrical )

c oRpashng an pigcmqyl chagacteristic existep bgtween the Frsb and spoopg elestrieab
I NédntideS a pressure/contact ring and the at | east one
el ectrical contact is integrated with the
pressure/contact ring. 11. The system of claim1,

wher ei not heTsdeyileR bE&MNIwEk &R B3 ineted irdluikC fResO @& act
12.. The system of claim 11, wherein the mcro-needle is
a TREARE Heat legst ong plectricsl captagt isantegratedwithe g prssypp{pontact ring.
bi osensor nedi cal device. 13. A systemfor piercing

dermal tissue, the stem conprising. a skin P‘i erci ng
el ementl} a P ilg Wherein fie skip-piercing element is a micro-

el weilei cal contact; and

12.  The system of claim 11, wherein the micro-needle is a component of an
integrated micro-needle and biosensor medical device.

13. A system for piercing dermal tissue, the system comprising

a skin-piercing element;

a first electrical contact;

a second electrical contact; and

a meter configured for measuring an electrical characteristic existent between
the skin piercing element and the first and second electrical contacts when the system

is in use.

14. The system of claim 13, wherein the electrical characteristic is the
electrical impedance between the skin-piercing element and both of the first and
second electrical contacts.
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a meter configured for neasuring an electrical
characteristic existent between the skin piercing

el enent and the first and second el ectrical contacts
when the system is in use. 14. The system of claim 13,
wherein the electrical characteristic is the

el wobéosogabosi NPedance between the skin-pi er CippguSloiliilkz
and both of the first and second electrical contacts.

17 WO 41 1LUS20041003142 15. The syst em of
laim 13 ik e op i PhereR Rt e oy S ae m
ri migg anidhetﬁrstahﬁ Mndawmﬂmﬁtﬂremte@a&dMﬁ%t acts are
|nt with the pressure/contact ring. 16. The

em o CT &M 13, wherein the skin- pi ercing el ement
|s amcro needl e. 17. The system of claim 16, wherein

the mcro-negedle is. g .conponent of an._ integrated
i or o- rided Sflaifol3y hrcein R kingisTing clopnt iy gicro-

syséedi®) of cl aim 13, vvhereln the first electrical
contact is a first electrical skin contact and the
second el ectrical contacts is a second electrical skin

c ont act17. 19',[he“sy§fa~_t1 BOdaiinQb, Whetdis the ehid&héMle if 4 m%nent of an
ngequla? g(ﬁ 3{)}3% dermal tissue with at |éast one
el & gsor medigdldE¥ieF- a ski n- pi erci ng

eI enent into the der rral tissue while neasuring an

el ect r| har act er tic existent between the

ski n- pilér cfﬁi‘@ %W%@%Wcﬁﬁ@%‘@éﬁﬁtcal

C Oélbattal mﬁmma@héﬂtddaﬁcmksn@ﬁiﬁkmbﬂm&m%ﬁm The
nmet hod of claim 19 further including the step of

pr&%B&fting a user with an indicator of a dermal tissue
penetration depth of the skin-piercing elenent, said

i ndi ca bei n sed on the neasured el ectri cal

char acﬁgrl &y pgtiodier pierping AGAYISYSICORPESING 19 f ur t her

i nc! udi ng td&ﬁtaaingmcxﬁfal SRS dt REst dndlQ&ricalohidctdhd
i ndi cat or af g der tISSTe penetrat| on st ability of

t he ski n-pi mg“"?&'ﬂa ithrrierat! rsup by based
O Nméaeingam alextiehl ﬂiaﬁﬁﬁaﬁﬂhe axisteit dERéEtht &did-Fiercing element and

the at least one electrical contact, thercby penetrating the dermal tissue,

20.  The method of claim 19 further including the step of presenting a user
with an indicator of a dermal tissue penetration depth of the skin-piercing element,
said indicator being based on the measured electrical characteristic,

21.  The method of claim 19 further including the step of presenting a user
with an indicator of a dermal tissue penetration stability of the skin-picrcing element,
said indicator being based on the measured electrical characteristic.

22.  The method of claim 19 further including the step of presenting a user
with an indicator of dermal tissue penetration residence time of the skin-piercing

element, said indicator being based on the measured electrical characteristic.




22. The nethod of claim 19 further including the step
of presenting a user wth an indicator of dernal

ti ssue penetration residence tinme of the skin-piercing
el enent, said indicator being based on the neasured

el ectrical characteristic. 18 WO 20041080306

P@bmﬂOOSMZ 23. The nmethod of claim 1%T)ﬁ§ﬁ,5ﬁiﬂﬂu
the inserting step i ncludes inserting a mcro-needle

ski n- pi gy ci he. net hod. of cl aim 19,
wher ei nﬁtr het}f{qnlg'gﬁl gc}a%‘f'i%w-iﬁﬁlﬁg% Flifestep inelpdes inserting a
m mmﬂwltlshnqﬁermelﬂﬁagr ated m cron-needl e and

bi osensor nedi cal device. 25. The nmethod of claim 19,
wherein the inserting step further involves neasuring

the el extri Tb¢ methed delath i S WhereprtheinschihgGRP Lk flded18I RS
the.skin Zr cln gl ement and the dermal tissue, wheén
Lt D S A R U SR A

tissue and when t he skin-piercing el enent has

penetr e d fissue. 26. The nmethod of claim
19, wherei nIfF%@“ﬁ‘é@am M@‘"ﬁ‘@é‘&ﬁfﬁe}‘%éﬁp Bytherdpyalyes ng
2 Pdstifthé dlectival dhaagleristé pridPio sctalibeten e skif P ﬁmﬂ? hod

of cI aim rein the neasuring is acconplishe
usFiFgent 5“%@? ‘@ﬁ‘f‘?elé'ﬁs“ﬁr"éﬁa the sknipiprengelomentias gentactedidez t o

| dérital tiskie bRt Wike theXWnQREciBg e1biéht hds 18§ the REAER
user disconfort and the hlégh end ofpet he frcg,!quenc:{/]srm?e

mnimzes stray capacitance from being neasured. 19
26.  The method of claim 19, wherein the measuring is accomplished by

applying a current in the range of ImA to 10 mA.

27.  The method of claim 19, wherein the measuring is accomplished using
a potential frequency in the range of 10 KHz to 1 MHz, where the low end of the
frequency prevents user discomfort and the high end of the frequency minimizes stray
capacitance from being measured.




